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Abstract. Recent VLA observations pointed at dwarf spheroidal (dSph) galaxies in the M81 
group reveal a hitherto hidden population of extremely low mass ( ~ 10 Mq) HI clouds with no 
obvious optical counterparts. We have searched 10 fields in the M81 group totalling 2.2 square 
degree, both targeting known dwarf spheroidal galaxies and blank fields around the central 
triplet. Our observations show that the new population of low-mass HI clouds appears to be 
confined to a region toward the south-east of the central triplet (at distances of ~ 100 kpc 
from M81). Possible explanations for these free-floating HI clouds are that they are related 
to the dSphs found to the South-East of M81, that they belong to the galaxies of the M81 
triplet (equivalent to HVCs), that they are of primordial nature and provide fresh, unenriched 
material falling into the M 81 group, or that they are tidal debris from the 3-body interaction 
involving M 81-M 82-NGC 3077. Based on circumstantial evidence, we currently favour the latter 
explanation. 
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1. Introduction 

The nearby M81 group has been the subject of several surveys in the 21-cm line 
of atomic hydrogen (HI). These surveys can be divided into two broad categories: tar- 



geted and blind. Appleton et al. (1981)| using the 76-m Lowell telescope and later Yun 



et al. (1994; see also Yun et al. 2000) mapped the large-scale HI distribution in the 
group, tracing the complex tidal tails and bridges resulting from the 3-body interac- 
tion between M81, M82, and NGC3077. Other targeted surveys, extending beyond 



the area covered by the triplet, have been those by Huchtmcier & Skillman (1998) and 



Huchtmeier et al. (2000)| to determine the HI content of optically selected objects such as 
dwarf galaxies. Motivations for blind surveys have varied from i) searches for High Veloc- 
ity Clouds (HVC) and Compact HVC analogues and ii) deep surveys to push down the HI 
luminosity function, to iii) searching for "Dark Galaxies", i.e., dark matter haloes which 
have not as yet turned (part of) their gas content into stars. The first blind survey which 



included the M81 group was that of Lo & Sargent (1979) Recently, Boyce et al. (2001) 



have repeated this at improved resolution and sensitivity as part of HIJASS, the HI 
Jodrell All-Sky Survey. 



Boyce et al. (2001) detected four known dlrr galaxies close to M 81. They also detected 



an HI cloud apparently devoid of stars, HIJASS J1021+6842. If anything else, this shows 
that blind HI surveys can still surprise and reveal objects which have been overlooked in 



one of the best studied and most surveyed nearby groups. Walter et al. (2005) present 
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Table 1. Summary of targets for the VLA D-array observations 
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VLA follow-up observations of HIJASS J1021+6842; |Karachentsev fc Kaisin (2007)| re- 
port the possible detection of an optical counterpart in the form of faint Ha emission 
which, if confirmed, would imply that although it would be one of the most extreme low 
surface brightness systems, HIJASS J1021+6842 wouldn't be a "Dark Galaxy". 

In what follows we will report on a project which started out with the intention to 
study the HI content of previously catalogued dSph galaxies in the M81 group. Deep 
observations were proposed to detect HI in these systems and outside the optical bodies 
in order to derive how much gas is associated with the galaxies themselves and how 
much is found in their immediate neighbourhood. We were interested in the latter to 
set constraints on the mechanisms that might be at work to remove gas from low-mass 
dwarfs. In the course of the project, however, we detected HI well beyond several of our 
targets, prompting us to change from targeted observations to blind survey mode. 



2. Observations and Results 

The observations reported here were made with the NRAC0 Very Large Array (VLA) 
over an extended period. Originally 9 dSph galaxies, plus HIJASS J1021+6842 were ob- 
served in VLA D-array in February 2003 (see Table [T|) . In addition to mapping the 
source detected by |Boyce et al. (2001)[ HI was detected in the fields of BK5N, KKH 57, 
KDG 61, and KDG 64. Follow-up C-array observations were obtained on these targets 
in April 2004. The resulting HI surface brightness maps of the combined C plus D-array 
observations are shown in Fig.[T] The maps were made using natural weighting for best 
sensitivity. They have an angular resolution of 35" which, at the assumed distance of the 
M81 group of 3.63 Mpc (Freedman et al. 2001), corresponds to 0.6 kpc. The rms noise 
is typically 0.6mJybeam~ 1 or 0.3K at a velocity resolution of 5.2kms -1 . These single 
channel noise levels can be used to calculate a column density detection threshold. As- 
suming a signal to be genuine if it is detected at the 3cr level across 3 channels, we find 
a minimum detectable column density of 2.5 x 10 19 cm -2 . Using the same criterion we 
arrive at a minimum detectable HI mass for an HI cloud filling the beam, at the distance 
of the M 81 group, of 9 x 10 4 M . 

The results of our observations can be summarised as follows: 

KKH 57 We find a clear detection coinciding with the optical counterpart. The HI 
signal is only four channels wide at a systemic velocity of 203 km s -1 ; spatially the HI 



t The National Radio Astronomy Observatory is a facility of the National Science Foundation 
operated under cooperative agreement by Associated Universities, Inc. 



HI Fluff in the M81 Group 



145 



BK6N 



DJ 



I 1 1 1 I I 



J4 



-. 



a. 



idPfl^ 1 flft" ai™ Qfi» 
Hl£bl AfteenflLon {JEDDQ) 



taw - 



4] 

£ 

I 




[fl^M" ia*oo" rtH" 



o 
o 



W - 



T 



T 



3 



. 1 ■ 1 1 ■ ■ 1 ' ■ '. 1 



1 ' ■ ■ ' ' .1.1 

lOfrdff- S^MT tfat m fl*T6<™ 



J 



T 



KBCH 

n 1 1 !■ 1 1 1 i 



- i 
1 ■ 1 1 



lD^Lff n M" Oft™ Sr 
fflj lit AfioanBdan U£H>M>) 



Figure 1. HI surface brightness maps of the four fields where HI emission was detected, BK5N, 
KKH57, KDG61, and KDG64. KKH57 is the only field where we detected HI associated with 
the target dSph; in the other three fields, free-floating HI is found whereas the target galaxies 
remain undetected down to a level of 9 x 10 4 Mq (based on a 3er detection threshold over 3 
channels). 



is unresolved. The low Mhi/L suggests this is a transition galaxy, i.e., an object which 
combines properties of a dSph, such as a low luminosity and prominent old stellar popu- 
lation, with those of a dlrr, e.g., the presence of HI (see Mateo 1998, for a more detailed 
treatise and Skillman et al. 2003, for examples). No other clouds are detected in this 
field. 

KDG 61 Boyce et al. (2001) claim that this is a clear case of a transition galaxy. Their 
beam, however, is 12' large and they are limited by confusion due to HI coming from the 
triplet. KDG 61 lies close to M81 and, even with our much higher resolution data, it is 
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Figure 2. Optical image based on the Digitized Sky Survey (DSS) covering the field imaged 
in HI with the VLA centred on KDG64. The contours indicate the locations of half a dozen 
free-floating HI clouds. Note that no HI is associated with KDG 64. 



not trivial to separate emission from KDG 61 or other field objects from M81 emission. 
We seem to find several HI clouds which are neither related to the SE tidal arm nor to 
KDG 61 itself, at velocities ranging from —45 to — 15kms _1 . 

BK5N Several HI clouds are detected with velocities from —130 to — 75kms~ 1 , well 
offset from the optical counterpart (for which no optical radial velocity has been pub- 
lished). 

KDG 64 — UGC 5442 The optical galaxy lies at -18±14kms- 1 (Simien & Prugniel 
2002). We find HI emission offset in position and velocity, with HI detected at velocities 
ranging from —120 to — 70kms _1 . This is illustrated in Fig. [3] which shows the location 
of the HI clouds with respect to the optical galaxy. 

In summary, except for KKH 57, none of the dSph targets were detected, confirming 
that most of them are devoid of HI. However quite surprisingly, HI was detected in several 
of the fields centred on a number of our targets but not obviously associated with them, 
neither in position nor in velocity. This then, of course, begs the question if these clouds 
are somehow associated with the dSph galaxies, or if they are semi-randomly distributed 
within the M81 group. In order to investigate this, follow-up "blind" HI observations, of 
a further six fields were obtained with the VLA in D-configuration (observations taken in 
June, July, and August 2004). HI was found in only one of these fields, bordering BK5N 
and KDG 64 to the East. 

In total, about a dozen barely resolved HI clouds were detected. They seem to pre- 
dominantly occupy a region to the South-East of the triplet, extending as far away as 
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~ 100 kpc. Their radial velocities are in the range —130 to — 70kms~ 1 . Velocity disper- 
sions are ~ 8kms _1 . HI masses are of order 10 5 M©. Figure 2 shows a DSS image of the 
field mapped around KDG64 with some of the HI clouds indicated with contours. No 
optical counterparts are visible on the DSS. The M81 group has been surveyed several 
times in the optical down to levels considerably fainter than the DSS. In fact, it is one 
of the best studied nearby groups (e.g., Froebrich & Meusinger, 2000). We can therefore 
be confident that these objects have very little starlight associated with them. 



3. Discussion 

So what are they and what is their origin? There are several possibilities. They could 
be: 

(a) primordial material which is infalling towards the M81 triplet; 

(b) High Velocity Cloud (HVC) analogues belonging to M81; 

(c) material originally part of BK5N and KDG64 which has been expelled; 

(d) or tidal debris scattered into the SE quadrant. 

Taking each of these possibilities in turn, the first explanation, infall of primordial 
material, is rather ad hoc. Without a determination of the metallicity of the gas in these 
HI clouds, it will be difficult to rule out this hypothesis. However, if primordial material 
were still to be around at column and space densities found here, it should have been 
detected in other nearby groups as well. No similar objects have been seen in deep HI 
observations, reaching comparable HI detection limits (Pisano et al. 2004, 2007). 

If they represent analogues to HVCs, one would expect their velocity centroid to coin- 
cide with that of their host galaxy, M81. Also, their distribution would be expected to 
be more isotropic rather than that found here. No clouds were found in any of the other 
targeted observations nor in the blind pointings which together covered areas in and 
around the triplet. The third option, that they represent material that has been expelled 
from BK5N and KDG 64 is also hard to defend. Not only do the clouds seem uncorrelated 
spatially with both dwarfs, but in the one case where we have velocity information for 
the dwarf, the velocities of the clouds are offset substantially. 

This leaves us with the last option, the clouds being tidal debris. Inspection of the HI 



observations by Appleton et al. (1981) shows that the HI clouds fall along the extension 



of their "feature VII" , but beyond the area covered by either their survey or the VLA 



mosaic by Yun et al. (1994) Feature VII is prominent in the velocity range from —130 
to — lOOkrns -1 , in broad agreement with the clouds found near BK5N and KDG 64. The 
VLA map by Yun et al. resolves feature VII, showing seemingly a spur branching off from 
the tidal bridge connecting NGC 3077 with M 81, which points roughly in the direction of 
the dwarf spheroidals. This is illustrated in Fig.[3]which shows Yun's HI surface brightness 
map as contours overlaid on an optical image. The numerical simulation published by 



Yun (1997) shows material from M 81 being dragged out by the passage of NGC 3077 and 
spread out towards the South-East. It therefore seems likely that the HI clouds found 
there are, in fact, tidal debris. They could be the neutral density peaks of a more dilute 
sheet of gas which is mostly ionised by the extragalactic radiation field, as a result of 
the column density being in general close to the value below which HI will become fully 
ionised. Peak column densities fall well below the canonical ~ 10 21 cm -2 threshold for 
star formation, explaining the lack of an optical counterpart. 
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Figure 3. Optical image taken from the DSS of a 2° x 2° field to the Sou th-East of M81. 
Overlaid are contours of the HI distribution as measured by |Yun et al. (1994) | showing the tidal 
tail connecting M81 with NGC3077, and a "spur" pointing to the South-East. In addition 
we plot as contours the HI clouds detected in the VLA observations reported here that are 
seen in the direction of BK5N and KDG 64, plus the HI clouds encountered in VLA D-array 
observations in one of the "blind" pointings located due East of the two dwarf galaxies. The 
approximate locations of BK5N and KDG 64 are indicated with stars. 



4. Conclusions 

In a search for HI in and around the lowest-mass dwarf spheroidal (dSph) galaxies in 
the M81 group, we have discovered an unexpected population of HI clouds with masses 
of order 10 5 M Q . Our observations of HIJASS J1021+6842 which were taken during the 
same observing runs were published separately (Walter et al. 2005). So far, about a dozen 
clouds have been detected within a region to the South-East of the triplet (in the vicinity 
of the dSphs KDG 64 and BK5N); there were no detections toward regions around other 
dSph galaxies in the same group and in five more "blind" pointings. 

From a technical perspective, our observations go much deeper than any previous 
blind surveys done with single dish telescopes in the M81 group (Lo & Sargent 1979; 
Boyce et al. 2001). The barely resolved clouds detected with the 35" VLA beam fall 
below the detection limit of single dish telescopes as a result of beam dilution. Our VLA 
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data are also more sensitive by an order of magnitude than similar such surveys done 
in the Centaurus and Sculptor groups with the ATCA (de Blok et al. 2002; see also the 
discussion of the null result with Arecibo by Zwaan & Briggs 2000). 

The HI clouds detected here don't seem to have any optical counterparts. Circum- 
stantial evidence argues in favour of these clouds being debris from the tidal interaction 
of the galaxies making up the M81 triplet, notably the passage of NGC3077 sweeping 
in a prograde fashion around the South of M81. In order to better understand these 
enigmatic clouds further observations (extending the area around BK5N and KDG 64 
covered thus far) are being analysed. 
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